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ABSTRACT 
 The trial was carried between\ 14 October and to 30\ November 2005. 
The trial was conducted to determine the effect dietary of potassium chloride 
and/or sodium bicarbonate alone or in combination on the performance of 
broiler chicks. 
 Two hundred and forty eight, one day old broiler chicks (Hubbard) 
were used in the experiment. Chicks were reared on control diet for three 
days adaptation period. Eight chicks per pen, three levels of salt per 
treatment with three replicate, were used in the experiment. The birds were 
fed on four experimental diets ; un-supplemented diet  (control), diet 
supplemented with potassium chloride at level of 0.1%, 0.2%, 3%, diet 
supplemented with sodium bicarbonate with level of 0.1%,0.2%, 3.0%, 
respectively and diet supplemented with combination sodium bicarbonate 
and potassium chloride.   
` The chicks were maintained on twenty four hours light. Feed and 
water were provided adlibitum. A complete randomized design was used. 
Feed intake and bodyweight were weekly recoded. Body weight gain and 
feed conversion ratio were calculated.  
 ix
 The result indicated that, dietary treatments had significant effect on 
body weight gain with KCL, NaHCO3 and combinations. Feed intake was 
significantly affected by KCL and NaHCO3 treatment. 
 The effect of treatments on weekly feed intake, body weight gain, 
FCR, was significantly affected in first, 3rd, 5th, 6th week. FCR was 
significant effected on a combination treatment in first and second week. On 
treatment with KCL on 5th and treatment with NaHCO3 on 6th week. 
 Generally the result indicated that no significant effect were observed 
in feed intake. However, body weight gain was significantly affected a 
combination treatment at level 0.2%, 0.3% and significantly affected in KCL 
treatment at level 0.3%, however no significant effect was recorded on FCR. 
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  ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
ﺎﺍﻟﺘﺠﺭﺒﺔ ﻟﻤﻌﺭﻓﺔ ﺃﺜﺭ ﺇﻀﺎﻓﺔ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺒﻴﻜﺭﺒﻭﻨﺎﺕ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﻤﺨﻠﻭﻁﻬﻤـﺎ ﺃﺠﺭﻴﺘ  
ﺇﻟﻲ ﺃﻋﻼﻑ ﻤﻜﺘﻤﻠﺔ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻋﻠﻰ ﺇﻨﺘﺎﺠﻴﺔ ﻜﺘﺎﻜﻴﺕ ﺍﻟﻠﺤﻡ ﻭﻗﺩ ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻋﻠﻰ ﻤـﺎﺌﺘﻴﻥ 
ﻭﻴﺔ ﻓﻲ ﺍﻟﻁﺎﻗﺔ  ﺘﻡ ﺘﻐﺫﻴﺔ ﻜﺘﺎﻜﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻋﻠﻰ ﺃﺭﺒﻌﺔ ﺃﻋﻼﻑ ﻤﺘﺴﺎ .ﺜﻤﺎﻨﻴﺔ ﻭﺃﺭﺒﻌﻴﻥ ﻜﺘﻜﻭﺘﺎﹰ ﻋﻤﺭ ﻴﻭﻡ 
%( 3.0، %2.0، %1.0)، ﻋﻠﻑ ﻤﻀﺎﻑ ﺇﻟﻴﻪ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ (ﻏﻴﺭ ﻤﻀﺎﻑ )ﻭﻫﻲ ﻋﻠﻑ ﺍﻟﺘﺤﻜﻡ 
، %1.0)ﻭﻋﻠﻑ ﻤﺨﺘﻠﻁﺔ %( 3.0، %2.0، %1.0)ﻭﻋﻠﻑ ﻤﻀﺎﻑ ﺇﻟﻴﻪ ﺒﻴﻜﺭﺒﻭﻨﺎﺕ ﺼﻭﺩﻴﻭﻡ ﺒﻨﺴﺏ 
ﺘﻡ ﺘﻭﺯﻴﻊ ﺍﻟﻜﺘﺎﻜﻴﺕ ﺒﺼﻭﺭﺓ ﻋﺸﻭﺍﺌﻴﺔ ﻤﻊ . ﻤﻀﺎﻑ ﺇﻟﻴﻪ ﻜﻠﻭﺭﻴﺩ ﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺼﻭﺩﻴﻭﻡ %( 3.0، %2.0
 ﺴﺎﻋﺔ ﻭﺍﻟﻤﺎﺀ ﻭﺍﻟﻐﺫﺍﺀ، ﺘﻡ ﺘﺴﺠﻴل ﻜﻤﻴﺔ ﺍﻟﻌﻠﻑ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻭﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﻐﺫﺍﺌﻴـﺔ 42ﻷﻀﺎﺀﺓ ﻟﻤﺩﺓ ﺘﻭﻓﻴﺭ ﺍ 
ﺃﻅﻬﺭﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﺘﻐﺫﻴﺔ ﺍﻟﻜﺘﺎﻜﻴﺕ ﻋﻠـﻰ ﺃﻋـﻼﻑ .  ﺃﺴﺎﺒﻴﻊ7ﻭﺯﻴﺎﺩﺓ ﻭﺯﻥ ﺍﻟﻜﺘﻜﻭﺕ ﺃﺴﺒﻭﻋﻴﺎﹰ ﻟﻤﺩﺓ 
ﺴﻡ ﻜﺎﻨﺕ ﻟﻬﺎ ﺘﺄﺜﻴﺭ ﻓﻲ ﺯﻴﺎﺩﺓ ﻭﺯﻥ ﺍﻟﺠ ( ﻜﻠﻭﺭﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺒﻴﻜﺭﺒﻭﻨﺎﺕ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺨﻠﻴﻁ )ﺍﻟﺘﺠﺭﺒﺔ 
ﺍﻟﻤﻜﺘﺴﺏ ﻭﻟﻜﻥ ﺍﻟﻌﻠﻑ ﺍﻟﻤﺴﺘﻬﻠﻙ ﻜﺎﻥ ﺘﺄﺜﻴﺭﻩ ﻋﻨﺩ ﻋﻠﻑ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺒﻴﻜﺭﺒﻭﻨﺎﺕ ﺍﻟـﺼﻭﺩﻴﻭﻡ  
ﺃﻅﻬﺭﺕ .  ﻭﺫﻟﻙ ﻤﻘﺎﺭﻨﺔ ﺒﻌﻠﻑ ﺍﻟﺘﺤﻜﻡ  3.0 ﻭ 2.0ﻭﻋﻨﺩ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺘﺄﺜﻴﺭﻫﺎ ﺍﻟﻤﻌﻨﻭﻱ ﻋﻨﺩ ﺍﻟﻤﺴﺘﻭﻱ .
ﻨﺘﺎﺌﺞ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﺘﻐﺫﻴﺔ ﺍﻟﻜﺘﺎﻜﻴﺕ ﻟﻴﺴﺕ ﻟﻬﺎ ﺘﺄﺜﻴﺭ ﻤﻌﻨﻭﻱ ﻋﻠـﻰ ﻨـﺴﺒﺔ ﺍﻟﻌﻠـﻑ ﺍﻟﻤـﺴﺘﻬﻠﻙ ﻋﻨـﺩ 
ﻭﻟﻜﻥ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﺍﻟﻤﻜﺘﺴﺏ ﻟﻬﺎ ﺘﺄﺜﻴﺭ ﻤﻌﻨﻭﻱ ﻓﻲ ﺍﻷﻋﻼﻑ ﺍﻟﻤﺨﺘﻠﻔـﺔ ﻋﻨـﺩ .ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ  
، %2.0، %1.0)ﺃﻤـﺎ ﺃ % 3.0ﻭﻋﻠﻑ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻋﻨﺩ ﺍﻟﻤﺴﺘﻭﻱ % 3.0ﻭ% 2.0ﺍﻟﻤﺴﺘﻭﻱ 
  .ﺍﻤﺎ ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻟﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ/ﺃ%( 3.0
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CHAPTER ONE 
INTRODUCTION 
 
 Sudan is a country which lies within the tropics and is 
characterized by a very hot summer season. At these high ambient 
temperatures which were above maximum temperature of the thermo-
neutral zone of the birds, chickens show signs of heat stress seem to be 
related to physiological response of poultry to higher environmental 
temperature.  
 The addition of electrolyte salts to broiler chickens diets has been 
recommended as a away to minimize the deleterious effect of heat stress   
(Borges, 1997). The increase in body temperature due to exposure to 
ambient temperatures above thermal comfort zone has a negative impact 
on bird performance by decreasing feed intake, body weight gain, 
livability and increasing the feed conversion ratio. After 14 days of age 
the environment for broiler chickens is considered optimal when the 
temperature is btween20-25oC and relative humidity between 50 – 75%  
(Mucari et al.,  1994 ,Tinoco, 1995). 
 Heat stress limits the feed intake and growth potential of the 
chicken. Growth rate of commercial broiler after 3 weeks of age is 
usually maximal at 18 – 20oC progressively declines in warmer condition 
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(Hurwitz et al., 1980; Yahav et al., 1996). In addition to reduction of 
growth rates under warm climates that increased mortality occurring at 
times when ambient temperature increases for period i.e. 5-10oC above 
the regular levels (Picard et al., 1993). 
 Electrolytes are necessary to maintain physiological function 
during hot weather (Prake et al., 1994). These can be divided into cations 
and anions. Major cation are potassium, sodium, calcium and magnesium. 
While the anions include principally bicarbonate, chloride, biphosphate 
and sulphate ions (McDonald et al., 1999). Heat stress results in increased 
excretion of potassium through urine hence resulting in decreased 
potassium (Ait-Bonlasen, 1998; Keskin and Durgan, 1997). Therefore, 
dietary potassium level should be increased for birds reared in heat stress 
environment. A level of 1.5 – 2% potassium chloride as a source of 
potassium is needed to maximize gain in 5 – 8 weeks old boilers (Smith 
and Teeter, 1987). 
 At high temperature birds regulate heat losses through evaporation 
of water from their lungs and this may precipitate respiratory alkalosis 
(Bottje and Harrison, 1985; Kutlu, 1995). Heat exposed chickens may 
exhibit reduced levels of plasma carbon dioxide and bicarbonate (Balnave 
and Gorman, 1993), and may effect the blood pH and induce the birds 
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nutritional requirement for bicarbonate, stimulates the feed and water 
intake in broilers. 
The objectives:- 
 Therefore, this study was planned to elucidate effect of the dietary 
potassium chloride and sodium bicarbonate administration separately and 
in combined on performance of broiler chicks.   
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Minerals of acid-base:  
The three mineral elements (K, Na, Cl) are discussed together 
because of the overlapping function. They are found in relative 
abundance in the body next in line quantitatively to calcium and 
phosphorus. Sodium and chlorine, well known because they occur 
together in common salt, are found chiefly in the fluids that circulate 
outside body cells; potassium is present mostly in fluids inside the cells. 
All three are important in the function of osmosis, by which substances 
pass back and forth between the cells and surrounding fluids. They also 
are necessary in keeping a normal balance of water between fluids and 
cells. An increase or decrease in one of these minerals may crate an 
imbalance. Nerve response stimulation, travel of nerve impulses, the 
muscles contraction (including the beat of heart are all dependent on 
presence of sodium and potassium, and together with chlorine). They help 
to keep a balance between the acid and alkali in the blood. 
 Extreme heat that causes heavy perspiration can result in large 
losses of sodium. These can be replaced by adding sodium chloride to the 
diet. Sodium in excess of needs can be handled well under ordinary 
circumstances the body does this by excreting what is not needed. 
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Potassium and chlorine are distributed widely in common foods and 
chlorine present in salt (Ethel, 1966). 
2.2 Acid-base balance: 
 The monovalent minerals sodium (Na+), potassium (K+) and 
chloride (Cl-) are known as "strong ions" because they exert characteristic 
effects on the chickens acid base homeostasis. The Na and K are 
alkalogenic, causing increased pH of the body fluids. The sodium is 
found chiefly in blood and extra-cellular fluids whereas K is primarily an 
inter-cellular cation which in excess, requires Cl and water for 
elimination through the kidneys similar to the urinary excretion process 
for Na. Therefore, either NaCl or KCL in excess of requirement increase 
water intake (Zisman, 1986). 
 Blood CL and HCO3 concentrations vary inversely, in order to 
maintain the proper total anion strength needed to compliment the blood 
sodium, so as CL goes up HCO3 goes down and vice versa, 
supplementing the diet with extra CL can increase blood CL, on the other 
hand, adding HCO3 to the diet can decrease blood CL within certain 
physiological limits. Addition of HCO3 to the diet may lower the 
"effective CL" level of the diet by eliminating some CL from the bird 
through the kidneys. Benton et al. (1998) started that an increase in 
plasma CL- decreases H+ excretion and decreases HCO3 reabsorption by 
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the kidneys whereas in increase in plasma Na+ increases H+ and HCO3 
reabsorption. 
 Electrochemical neutrality must be maintained in body extra 
cellular fluids, such as blood plasma, Na is balanced by Cl and to a lesser 
extent by bicarbonate (NaHCO3), to fortify these components of blood, 
particularly important to many body processes. Mongin (1968) stated that 
sodium bicarbonate seems to be a privileged element or compound 
because it provides sodium, favorably effect blood pH (can influence H+ 
ion) and supplies beneficial bicarbonate. Damron et al. (1986) concluded 
that the sodium in sodium bicarbonate was equally bio-available to that in 
NaCl for broiler chicks. Having two supplemental source of sodium can 
reduce the variability in sodium assays and keep dietary sodium levels 
closer to desired. In broiler breeders, use of a non-chloride sodium 
supplement such as sodium bicarbonate or sesquicarbonate along with 
salt has been shown from field experience by a large U.S. Integrator to 
smooth out production curves especially in the peaking phase. Gardiner 
and Dewar (1986) concluded that ammonium chloride and sodium 
chloride were equally good source of chloride in broiler hick starter feeds 
to 21 days of age. 
2.3 Electrolyte supplements: 
 Commercial electrolyte salts that are available, effective and 
reasonably affordable for use in broiler and breeder feeds are NaCl, 
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NaHCO3, ammonium chloride (NH4Cl), calcium chloride (CaCl) with 
number of waters of hydration depending on specific product, KCL and 
K2CO3. Also NaCl increase blood pressure (hypertensinogenic), KCL 
decreases it, (antihypertensinogenic), based on research with a salt-
sensitive strain of rat. Rats fed the same absolute level of NaCl were 
protected against hypertension by increasing the K: Na ratio. However, 
those fed a constant ratio but increasing absolute levels of NaCl 
experienced progressively increasing hypertension, progressive kidney 
damage, and decreased plasma flow to the renal papllia (Dahl et al., 
1972). Thee is also evidence that potassium supplementation lowers 
blood pressure in salt hypertensive human patients (Imura et al., 1981). 
2.4 Dietary electrolyte balance: 
 Electrolytes are defined as solubilized compounds containing 
cations and anions which give the solution the capacity to conduct an 
electric current. Feed additives which provide these monovalent minerals 
compounds may probably be correctly termed electrolyte salt or 
supplement (although these are dry and electrolyte are liquid by 
definition, such as automobile battery electrolyte). Dietary electrolyte 
balance in poultry diet is calculated based on total levels of Na, K and Cl 
which can be obtained by lab analysis (Skoog and West, 1974). 
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 The "strong ions" Na+, K+ and Cl- have the greatest impact on acid-
base balance or pH of blood and tissues. However, it is important to have 
the proper dietary ranges and ratio of these monovalent minerals (cation 
or + change ions, and anions or – changed ions), without deficiency or 
toxicity, to meet poultry nutritional demands and achieve the best 
performance. Acid produced by metabolism (endogenous H+) also 
contributed to the acid-base balance.  
 The following equation describes situations when the bird has a 
constant acid-base balance without either acid or base excess or 
deficiency. 
Ingested (anions – cation +) endogenous H+= excreted (anion – cation) 
(Mongin, 1981). 
2.5 Heat stress: 
Definition: 
 Heat stress is the term used in the poultry industry to describe the 
bird's reaction to abnormally high temperature (Harry Huffman et al., 
2005). 
 High ambient temperature can be devastating to commercial 
broilers coupled with high humidity they can have an even more harmful 
effect. Heat stress interferes with the broiler comfort and suppresses 
productive efficiency. During period of heat stress the broiler makes 
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major thermo-regulatory adaptation in order to prevent death from heat 
exhaustion.  
2.6 Natural physiological responses to heat stress: 
 Broiler subject to high environmental temperature exhibit many 
behavioral changes which allow them to re-establish heat balance with 
their surrounding boiler rest more during period of heat stress. Some birds 
will stand quite while others simply crouch near walls or waters. Usually 
their wings are spread away from the body to promote cooling by 
reducing body insulation. Within the birds blood flow is diverted from 
certain internal body organs such as the liver, kidneys and intestines to 
dilate blood vessel of the peripheral tissue (skin) in order to facilitate heat 
loss. 
 Hyperventilation or "panting" increase during period of high 
environmental temperature. Heat loss through evaporative cooling makes 
the bird to dissipate heat. However, panting required increased muscle 
activity and this result in an increased energy requirement which is 
associated with heat stress. Therefore, decreased energy efficiency also 
accompanies hot weather. Panting would normally be expected to occur 
when the ambient temperature is near or above 30oC. Relative humidity 
influence evaporative heat loss through panting. Broiler, as well as other 
domestic poultry cannot tolerate high temperature coupled with high 
relative humidity. Death due to heat exhaustion will occur very quickly, 
 10
especially in heavier birds if both temperature and humidity are high. In 
normal birds, panting will remove approximately 540 calories per gram 
of water lost by the lungs (Garybutcher et al., 2003). 
2.7 How will panting influence pH or acid base-balance in broiler: 
 Normally, blood pH is controlled by the lungs and kidney along 
with the various buffer systems which prevent rapid change in the pH. 
However, as the respiratory rate increases in heat stressed broiler, there is 
a corresponding decrease in the levels of blood carbon dioxide. 
Respiratory alkalosis (elevated blood pH) result, heat stress also depletes 
potassium and other minerals in the body, altering the delicate electrolyte 
balance in the body (Gary et al., 2003). 
 During heat stress induce a high respiratory rate (severe panting, 
rapid, shallow breathing) and rectal temperature, abnormally high amount 
of carbon dioxide (Co2) are lost from the blood (partial pressure of Co2 or 
pCo2 decreases), blood HCO3 declines, and pH increase over about a two 
hour period (Elhadi and Sykes, 1982).  
2.8 Decreasing feed intake during heat stress: 
 Broilers maintained in hot environments reduce their feed 
consumption. This is a part of their physiological adaptation to heat 
stress. The reduction in feed intake results in a decrease in the daily 
intake of nutrients responsible for growth. However, fewer nutrients 
metabolize means less heat stress produced by the body. Thus, even 
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though growth is slowed, the broiler can now more easily cope with the 
heat because of the lessened need for heat dissipation. Research data 
clearly shows that the survival rate of broilers decreases as feed intake 
increase during heat stress especially during the hottest hours of the day 
(Gary et al., 2003).  
2.9 Benefit of fasting during heat stress: 
 In addition to heat stress mortality, economic losses associated 
with broiler occur as result of lowered growth rate and decreased feed 
efficiency. Therefore, it is natural for producers to need stimulate feed 
consumption in hot weather. However, any management technique which 
promotes feed consumption or increased activity during the peak hot 
periods may be counter productive. The extra feed consumed will 
increase the bird's heat load and probably result in additional mortality. 
Fasting the broiler prior to or during peak hot periods of the day lessens 
the load and enhances survival.   
 Fasting reduces the heat production form digestion, a sorption and 
metabolism of nutrients. Easting also has a calming effect. Movement in 
animals occurs through muscle contraction which generates heat. In hot 
environments this heat production only adds to the heat load. Therefore to 
lessen the heat load, broiler should be kept as calm as possible. This is 
especially important during the hottest parts of the day. Once the hottest 
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periods are over and ambient temperature starts to fall and the broiler will 
usually begin consuming feed again (Gary et al., 1996). 
2.10 Alleviation of heat stress in broilers: 
 In hot/humid environments with open-style house adequate air 
movement and water consumption are essential. Ventilation should be 
maximized. Air movement facilitates removal of build-up ammonia, 
carbon dioxide and moisture. Panting is accompanied by an increase in 
water loss by the lungs. Therefore, more water has to be consumed by 
boilers during hot weather in order to prevent dehydration. Cool drinking 
water stimulates both feed and water intake. Reducing the body 
temperature of heat stressed broiler is beneficial. When the temperature 
of drinking water is lower than body temperature it will absorb body heat. 
Therefore, providing adequate and cool drinking water is extremely 
important to heat stress broilers. Usually, anything that results in 
increased water consumption during heat stress will benefit the survival 
rats. In fact, some researchers have attributed the increased survival rates 
of heat stressed broilers receiving supplemental salts such as potassium 
bicarbonate, potassium chloride, sodium chloride and ammonium 
chloride to the increased water consumption which results, not to the 
salts. 
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2.11 The use of sodium bicarbonate (NaHCO3) under ambient 
temperature: 
 Levels used commercially in hot weather appear to provide only 
about 0.22 or 0.23% total weight average dietary sodium which indicates 
lowers inclusions rates of sodium bicarbonate than optimum during heat 
stress. Based on research, dietary levels of 0.28% or more Na, and 0.25% 
CL or more, with a minimum of 0.40% sodium bicarbonate are required 
for optimum results by broiler chickens in hot weather during growing 
and finishing periods. During heat stress severe enough to induce a high 
respiratory rate (severe panting, rapid, shallow breathing) and rectal 
temperature, abnormally a high amount of carbon dioxide (Co2) are lost 
from the blood (partial pressure of Co2 or pCo2 deceases), blood HCO3 
decline and pH increase over about a two hour period (El Hadi and Sykes, 
1982). 
 Based on much better broiler performance during heat stress with 
NaHCO3, a Co2 generating buffer, than with sodium carbonate (NaCO3) 
at the same dietary sodium and dietary electrolyte balance levels. It has 
been concluded by Gorman and Balnave (1994) that heat stress may 
induce a metabolic requirement for the bicarbonate ion (HCO3). Because 
the nutritionists can intervene during a heat wave to provide NaHCO3 or 
KCL through the feed or water, the detrimental effect of heat stress can 
be minimized in many cases. Preventive measures can be taken by 
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formulating feed with high enough dietary electrolyte balance using 
sodium bicarbonate to prevent excessive mortality of heavy broilers and 
to stimulate growth during the hot season, sodium slightly more potent 
through the water than an equivalent intake the feed (Ross, 1979), 
nutritionist prefer the certainly of inclusion in feed rather than depending 
on sometimes inaccurate dosing by flock owners through the water. 
 The Australian research, Dr. Derick Balnave, now retired and 
associated have done considerable work on the use of sodium bicarbonate 
at relatively high levels in feed (up to 2.53% successfully) or water       
(up to 5.6 g/L) for broiler in moderate heat stress, usually about 30 – 31oC 
or 86 – 87oF. Benton et al. (1998) stated that within Australia NaHCO3 is 
incorporated into the broiler diets at up to 0.5% and is recognized as 
saving 2 days growth to market weight during summer. They indicated 
that heat stress boilers respond better to supplements of NaHCO3 than 
KHCO3, Na2CO3, Na2CO3, K2CO3. 
 British researcher Webster (1990) reported that during a broiler pen 
trial with different levels of sodium bicarbonate, the U.K. happened to 
have one of the worst heat waves in their history to the time the birds 
were 29 – 35 days of age, mortality was normal before and after heat 
stress, but during it sodium bicarbonate at 0.39 or 0.50% of the diet 
reduced mortality to about half (7.6 – 7.8%) compared to levels of 0.06, 
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0.17 or 0.28% of supplement (mortality – 14.14 and 13.5% respectively). 
The sodium levels in the diet 0.13, 0.16, 0.19, 022 and 0.25% and 
information on K or CL was given. It was concluded that a minimum of 
about 0.40% sodium bicarbonate was needed (between 0.28%, 0.39% 
exactly) to cut mortality in half during heat stress. 
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CHAPTER THREE 
MATERIALS AND METHODS 
 
 The trial was carried out between 14 October and 30 November, 
2005. The chicks were reared in poultry house at Shambat area. 
3.1 Experimental birds: 
 Two hundred forty eight commercial broiler chicks (Hubbard were 
obtained from Arab Poultry Breeders Co. (Ommat for Poultry) one day 
old. On arrival all chicks have been reared on control diet for three days 
to be adapted. The room was divided into three blocks, replicate 
occurring with each block (Randomized Complete Block Design). Eight 
chicks per pen, three levels per each treatment and three replicate per 
each level. The initial weight of the chicks in each pen was approximately 
equal. The pens were then randomly divided among the experimental 
diets.  
3.2 Experimental diets: 
 Four experimental diets were formulated from locally available 
ingredients which contains the same ingredients which include the main 
ingredient sorghum as a source of energy, groundnut cakes and sesame 
cakes as a source of protein. A control diet (a basal), was (as seen in 
Table 3.1).  
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3.3 Housing and management: 
 The trial was performed on open system in one room. The housing 
was situated in an east and west direction with two high walls on the east 
and west sides to prevent sun rays. The rest was covered with wire netting 
on both northern and southern sides, the roof was made of local materials 
(woods), and floor was made of bricks covered with cement. The room 
was divided to three blocks each block has 10 pens. Each pen was (1,1) 
meter and it accommodated 8 birds, one feeder and a drinker were used 
for each pen, the feeders were initially placed on the floor and when were 
moved higher according to the growth of the chicks.  
 The chicks were maintained on 24 hours light schedule, food and 
water provide adlibitum. 
3.4 Experimental procedure and data collection: 
 Live weight gain and feed intake were weekly recorded, weight 
gain and feed conversion ration (FCR) were also calculated for individual 
replicates of each dietary treatment, temperature was recorded three time 
a day (morning, afternoon, at evening), the thermometer temperature was 
recorded on different places on the room (Table 3.2). 
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3.5 Statistical analysis: 
 A complete randomize design was used in this study with 3 
treatments and 3 levels of experimental diets and 3 replicate, with 8 birds 
for each replicate. The data obtained from the experiment, were subjected 
to analysis of variance according to the SPSS using computer program, 
means were compared using Duncan Multiple range tests. 
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Table (3.1): Composition of experimental diet 
Diet  
Ingredient Control 
1 2 3 4 5 6 7 8 9 
Sorghum 58.80 58.80 58.80 58.80 58.80 58.80 58.80 58.80 58.80 58.80
G cake 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00
S cake 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75
W bran 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 
S cons** 0005 0005 0005 0005 0005 0005 0005 0005 0005 0005 
Dical 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 
NaCL 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
V oil 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 
KCL 0.00 0.10 0.20 0.30 0.00 0.00 0.00 0.00 0.00 0.00 
NaHCO3 0.00 0.00 0.00 0.00 0.10 0.20 0.30 0.00 0.00 0.00 
KCL, 
NaHCO3 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.20 0.30 
* The concentrate Wafi B. V. which exported from Albasserdam, Holland: 
Crude protein 40.00% Crude fat 4.00% Crude fiber 2.000% 
Calcium 10.00% Phosphorus 4.00% Lysine 12.00% 
Methionine 3.000% Meth + cyst. 3.20% Sodium  2.60% 
Met. Energy 2.100.00 Kcal/kg 
* Supper concentrate NEOTREAT WSP, Holland contents per gram: 
Oxyteracycline (as HCL) 60 mg Neomycin (as sulphate) 40 mg 
Vitamin A  1.51 U Vitamin B2 2 mg 
Vitamin D3 1.5 mg Vitamin B6 2 mg 
Vitamin E 2.5 mg Vitamin B12 7.5 mg 
Vitamin K3 2.5 mg Folic  0.3 mg 
Vitamin B1 1 mg Ca d-pantothenate 7.5 mg 
Bromide and iodine: 
(Br) 0.005 Nitrate (NO3) 0.001 Phosphate (PO4) 0.001 
Ammonium (NH4) 0.001 Arsenic (AS) 0.00004 Barium (Ba) 0.001 
Calc. & Meg. 0.004 Iron (Fe) 0.0003 Heavy meals (Pb) 0.0005 
Sodium (Na) 0.05 Loss at  150oC. Hopkin and WilliamsnLtd.England 
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Table (3.2): Average ambient temperature in the experimental house 
through 7 weeks: 
Weeks Morning Afternoon Evening 
1 35.80 39.80 37.04 
2 33.10 37.20 33.30 
3 31.70 34.00 32.00 
4 31.30 33.50 31.20 
5 30.00 32.80 31.00 
6 29.00 32.80 30.70 
7 28.50 32.20 30.00 
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Table (3.3): Calculated analysis of the experimental diet 
Ingredient Control NaHCO3   (0.1, 0.2, 0.3%) 
KCL 
(0.1, 0.2, 0.3%) 
NaHCO3 
(0.1, 0.2, 0.3%) 
Crude protein 22.19382 22.19382 22.19382 22.19383 
Metabolizable 
energy 3104.773 3104.773 3104.773 3104.773 
L-lysine 1.080985 1.080985 1.080985 1.080985 
DL- 
Methionine 0.46955 0.46955 0.46955 0.46955 
Calcium 1.391635 1.391635 1.391635 1.391635 
Available-
phosphorus 0.540969 0.540969 0.540969 0.540969 
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Table (3.4): Determined analysis of he experiment diet 
Ingredient Control NaHCO3   (0.1, 0.2, 0.3%) 
KCL 
(0.1, 0.2, 0.3%) 
NaHCO3 
(0.1, 0.2, 0.3%) 
Dry matter 93.62 93.62 93.62 93.62 
Fat 4.55 4.55 4.55 4.55 
Crude protein 23.1 23.1 23.1 23.1 
Crude fiber 5.75 5.75 5.75 5.75 
Ash 9.47 5.75 5.75 5.57 
NFE 49.27 5.75 5.75 5.75 
 
Calculated based on analytical of Sudanese obtained by Animal Nutrition Lab, 
University of Khartoum  
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CHAPTER FOUR 
RESULTS 
4.1 The effect of different weeks: 
 The result of dietary KCL, NaHCO3 and combination on different 
weeks and their levels on feed intake, feed conversion ratio and body 
weight gain are shown in table (4.3). Date indicate that no significant 
(P>0.05) effect was shown on feed intake, and body weight gain, except 
on feed conversion ration on the 3rd week. 
4.2 The effect of different levels on broiler chick performance: 
 The effect of different levels of minerals on feed intake, body 
weight gain, and feed conversion ratio, are presented in table (4.2). No 
significant (P>0.05) effect are shown at different levels on feed intake 
and feed conversion ratio. However on body weight gain then had 
significant (P<0.05) effect at levels 0.2 and 0.3. 
4.3 The effect of different treatments: 
 The dietary treatment on feed intake, body weight gain and feed 
conversion ratio, values by ambient temperature room, are shown in table 
(4.1). The result indicated that, the dietary treatment had significant 
(P<0.05) effect on feed intake at dietary treatment KCL and NaHCO3 
compared with control. All treatment combination (KCL + NaHCO3) 
level had no significant (P>0.05) effect. On body weight gain but had 
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significant (P>0.05) effect, at dietary treatment KCL, NaHCO3 and (KCL 
+ NaHCO3). Feed conversion ratio had significant (P<0.05) effect, at 
dietary treatment NaHCO3 and control.  
4.4 Effect of treatments (KCL, NaHCO3, and KCL + NaHCO3) on 
weekly feed intake, weight gain and feed conversion: 
 Effect of weekly treatments on feed intake, body weight gain and 
feed conversion ratio. Feed intake are presented in figure (4.1) and tale 
(4.1) The result indicated that ,different dietary treatment had significant 
effect (P<0.05) on combination treatment (KCL + NaHCO3) in first week, 
and KCL treatment on the 3rd, 5th and 6th weeks, compared with result 
control treatments. However body weight gain are shown of figure (4.3) 
table (4.5) no significant (P>0.05) effect in different treatments are 
apparent over all weeks during the period of the experiment, except on 
treatment combination (KCL + NaHCO3) in 3rd week. 
 Feed conversion ratio are shown on figure (4.5), table (4.6) the 
result indicated that combination treatment had significant (P<0.05) effect 
on (KCL + NaHCO3) on first week and second week on control on3rd 
week, also on treatment KCL in the 5th week and NaHCO3 in the 6th 
week. 
4.5 Effect of different levels (0.1, 0.2 and 0.3) of treatments on feed 
intake, body weight gain and feed conversion ratio: 
 Different levels of minerals on feed intake, bodyweight gain and 
feed conversion ratio. Feed intake over level or showed in figure (4.2) 
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and table (4.7) had significant effect (P<0.05) are shown during all weeks 
of trial, but had significant effect on level 0.1 on 6th week, and on level 
0.3 there is a significant effect (P<0.05) seen on second week, 3rd week, 
4th week compared to control levels.  
 Body weight gain levels are showed in figure (4.4) and table (4.8) 
the result indicated that no significant effect (P>0.05) are noticed on 
different levels during the period of trial, except on 7th week on level 0.2 
compared with control. Feed conversion ratio are presented in figure (4.6) 
and table (4.9) result indicated that there were significant effect (P<0.05) 
on control treatment in first week, in the 3rd, 5th and 7th week, at level 0.1 
significant appeared in 6th week, but at level 0.2 only on first week also 
significant seen in level 0.3 on first week and second week. 
4.6 Effect of different levels (0.1, 0.2 and 0.3) of treatments (KCL, 
NaHCO3, KCL + NaHCO3): 
 The different levels of parameters in treatment were reed intake, 
body weight gain and feed conversion ratio. The result indicated that 
there were no significant effect (P>0.05) noticed in feed intake on table 
(4.10). But on body weight gain as shown in table (4.11) the result 
indicated that there was significant effect (P<0.05) on combination 
treatment (KCL + NaHCO3) on level 0.2, 0.3, also had significant effect 
of KCL treat at level 0.3. However, on feed conversion ratio in table 
(4.12) no significant effect (P>0.05). 
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Table (4.1): The effect of dietary treatments in all weeks (KCL, NaHCO3, KCL + 
NaHCO3) on the performance of broiler chickens (gram/bird/day):- 
 
Weeks
 
Parameters 
1 2 3 4 5 6 7 
Feed intake/day 85.870 145.06 320.17 430.85 747.33 971.38 1221.92
Body weight 
gain/day 44.68 62.56 92.17 199.31 307.99 430.78 485.80 
Feed 
conversion ratio 1.93 2.36
cd 3.52a 2.19f 2.45bc 2.27df 2.55b 
 
SEM: Standard error of the mean 
a : Means with different superscripts are significantly different 
a-b : Values within columns with common superscript differ significantly  
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Table (4.2): The effect of the mean of all treatments for each level on the performance 
of broiler chickens (gram/bird/week):- 
 
Level 
 
Parameters 
Control 0.1% 0.2% 0.3% SEM 
Feed intake 551.17 571.33 555.08 557.76 3.84 
Body weight gain 218.38 230.44 235.56a 235.15a 3.57 
Feed conversion ratio 2.52 2.48 2.42 2.46 0.032 
 
SEM: Standard error of the mean. 
a:  Means with different superscripts are significant different  
a-b:  Values within columns with common superscript differ significantly  
  
 
 
 
 
 
 
 
  
 
 
 28
 
 
 
 
 
 
 
 
 
Table (4.3): The effect of dietary treatment (KCL, NaHCO3, KCL + NaHCO3) on the 
performance of broiler chickens (gram/bird/week):- 
 
Treatment 
 
Parameters 
Control 
NaHCO3   
(0.1%, 0.2%, 
0.3%) 
KCL NaHCO3 
(0.1%, 0.2%, 
0.3%) 
KCL   
(0.1%, 0.2%, 
0.3%) 
SEM 
Feed intake/ 
weekly 552.17 567.06
a 547.19 569.92 3.84 
Body weight 
gain/ weekly 218.39 227.67
 ab 238.99a 233.56 3.57 
Feed 
conversion 
ratio weekly 
2.58b 2.51 ab 2.37 2.47 0.032 
 
SEM: Standard error of the mean 
a:  Means with different superscripts are significantly different 
a-b:  Values within columns with common superscript differ significantly  
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Table (4.4): The effect of the mean of all treatments (KCL, NaHCO3, KCL + 
NaHCO3) on weekly feed intake weekly of broiler chickens 
(gram/bird/week):-  
 
Week 
 
Treatment  
1 2 3 4 5 6 7 SEM 
Control 83.30 148.45 315.00 406.27 735.80 953.12 1215.62 15.22
KCL 83.21 141.68 327.10a 431.25 789.57a 991.66a 1215.00 10.14
NaHCO3 83.30 145.14 313.91 433.36 751.40b 988.30b 1253.96 10.14
KCL, 
NaHCO3 
91.96a 147.22 321.02b 436.12 704.86 940.27 1188.88 10.14
  
SEM: Standard error of the mean 
a:  Means with different superscripts are significantly different 
a-b:  Values within columns with common superscript differ significantly  
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Table (4.5): The effect of dietary treatments (KCL, NaHCO3, KCL + NaHCO3) on 
weekly body weight gain of broiler chickens (gram/bird/week):-  
 
Week 
 
Treatment  
1 2 3 4 5 6 7 SEM 
Control 42.62 65.92 78.25 179.557 288.05 445.75 428.52 14.18
KCL 44.67 61.26 94.27 195.61 299.03 435.06 50.52 9.40 
NaHCO3 44.16 67.01 82.90 194.71 318.73 415.58 470.50 9.40 
KCL, 
NaHCO3 
45.87 56.28 103.55a 214.21 412.85 436.62 501.51 9.40 
  
SEM: Standard error of the mean 
a:  Means with different superscripts are significantly different 
a-b:  Values within columns with common superscript differ significantly  
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Table (4.6): The effect of dietary treatments (KCL, NaHCO3, KCL + NaHCO3) on 
weekly feed conversion ratio of broiler chickens (gram/bird/week):- 
 
Week 
 
Treatment  
1 2 3 4 5 6 7 SEM 
Control 1.96 2.25 4.04a 2.26 2.55b 2.14 2.84a - 
KCL 1.86 2.34b 3.47 2.21 2.65a 2.29b 2.44 0.085
NaHCO3 1.89 2.20 3.79 2.22 2.37 2.39a 2.70b 0.085
KCL, 
NaHCO3 
2.01a 2.56a 3.11 2.09 2.29 2.16 2.39 0.085
  
SEM: Standard error of the mean 
a:  Means with different superscripts are significantly different 
a-b:  Values within columns with common superscript differ significantly  
  
 
 
 
 
 
 
 
 
 
 32
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (4.7): The effect of dietary treatments levels (0.1, 0.2, 0.3) on weekly feed 
intake of broiler chickens (gram/bird/week):- 
 
Week 
 
Level 
1 2 3 4 5 6 7 SEM 
Control 83.3 148.45 315.62 406.28 735.80 953.13 1215.62 15.22
0.1% 86.09 144.45 315.98 430.56 758.34 1016.66a 1247.22 10.14
0.2% 86.08 140.27 320.30 430.57b 744.44 956.94 1206.94 10.14
0.3% 86.31 149.32a 325.74a 439.60a 743.05 946.63 1213.68 10.14
  
SEM: Standard error of the mean 
a:  Means with different superscripts are significant  
a-b:  Values within columns with common superscript differ significantly  
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Table (4.8): The effect of dietary treatments levels (0.1, 0.2, 0.3) on weekly body 
weight gain of broiler chickens (gram/bird/week):- 
 
Week 
 
Treatment  
1 2 3 4 5 6 7 SEM 
Control 42.62 65.92 780.25 179.57 288.05 445.75 428.52 14.18
0.1% 46.40 62.85 92.83 194.58 313.42 476.30 476.36 9.45 
0.2% 45.13 62.74 95.48 203.25 309.55 415.42 512.28 9.45 
0.3% 43.18 60.96 92.85 206.88 309.55 444.90 487.91 9.45 
  
SEM: Standard error of the mean 
a:  Means with different superscripts are significantly different 
a-b:  Values within columns with common superscript differ significantly  
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Table (4.9): The effect of dietary treatment (0.1, 0.2, 0.3) on weekly feed conversion 
ratio of broiler chickens (g/bird/week). 
 
Week 
 
Treatment  
1 2 3 4 5 6 7 SEM 
Control 1.96a 2.25 4.04a 2.26 2.55a 2.14 2.85a 0.128
0.1% 1.85 2.35b 2.43 2.22 2.44 2.39a 2.64b 0.085
0.2% 1.91a 2.29c 3.42b 2.16 2.45 2.32b 2.38 0.085
0.3% 2.00a 2.45a 3.52+b 2.14 2.42 2.13 2.50 0.085
  
SEM: Standard error of the mean 
a Means with different superscripts are significant  
a-b Values within columns with common superscript differ significantly  
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Table (4.10): The effect of levels of dietary treatments (KCL, NaHCO3, KCL + 
NaHCO3) on feed intake of broiler chickens (gram/bird/week):- 
 
Treatment 
 
Levels  
KCL NaHCO3 KCL, NaHCO3 Control SEM 
0.1% 582.13 578.80 551.17 551.17 6.64 
0.2% 556.24 561.01 547.98 551.17 6.64 
0.3% 571.40 561.28 540.61 551.17 6.64 
  
SEM: Standard error of the mean 
a: Means with different superscripts are significantly different 
a-b: Values within columns with common superscript differ significantly  
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Table (4.11): The effect of levels of dietary treatments(KCL, NaHCO3, KCL + 
NaHCO3) on body weight gain of broiler chickens (gram/bird/week):- 
 
Treatment 
 
Levels  
KCL NaHCO3 KCL, NaHCO3 Control SEM 
0.1% 235.19 224.57 231.77 218.38 6.6 
0.2% 227.17 230.07 237.04ab 218.38 2.6 
0.3% 237.34ab 230.07 237.04ab 218.38 2.6 
  
SEM: Standard error of the mean 
a: Means with different superscripts are significantly different 
a-b: Values within columns with common superscript differ significantly  
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Table (4.12): The effect of levels of dietary treatments(KCL,NaHCO3,KCL+ 
NaHCO3) on feed conversion ratio of broiler chickens 
(gram/bird/week):- 
 
Treatment 
 
Levels  
KCL NaHCO3 KCL, NaHCO3 Control SEM 
0.1% 2.44 2.52 2.46 2.58 0.119 
0.2% 2.48 2.50 2.28 2.58 0.119 
0.3% 2.8 2.51 2.37 2.58 0.119 
  
SEM: Standard error of the mean 
a: Means with different superscripts are significantly different 
a-b: Values within columns with common superscript differ significantly  
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CHAPTER FIVE 
DISCUSSION 
Air temperature: 
The minimum and maximum average ambient temperature were 
28.5oC and 39.8oC, with a peak of 40.7oC and minimum of 29oC, thus 
proving the exposure of the bird to heat stress. It means that heat stress 
resulted in deceased weight gain. This finding was similar to studies 
Teeter et al. (1985), in hens, and Keskin and Durgan (1997) in quails, 
who reported that heat stress resulted in decreased weight gain. 
Treatment was not affected on feed intake. It indicates that higher 
temperature to which the broilers were exposed, reduced feed intake. This 
finding was similar to earlier studies of Borges et al. (2003). In dietary 
electrolyte balance for broiler chickens exposed to thermo neutral or heat 
stress, who reported that the lower weight gain of broiler raised at higher 
temperature are directly related to decreased feed intake and increased 
feed conversion ration. Therefore, it had significantly by affected feed 
conversion ratio on NAHCO3 and increased. It might be due to NaHCO3 
supplementation. This result agree, with Naseem, (2005), who reported 
that broiler which were exposed to heat stress increased feed conversion 
ratio. 
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The effect of different levels of treatments were not noticed on 
levels of feed intake, feed conversion ration, but it was observed on body 
weight gain at levels 0.2 and 0.3%, high weight gain. This might be due 
to   KCL, NaHCO3 and combination. This finding was similar to earlier 
studies of Keskin and Durgan, (1997), in quails and Teeter et al. (1985), 
Lopez and Austic, (1993), Branton et al. (1986), who reported that 
potassium chloride administration results in increase of weight gain in 
broiler exposed to heat stress. 
The effect of different weeks of dietary treatment in different was 
not noticed, except on feed conversion ratio in the third week. It might be 
due to higher temperature. Our findings are supported by those of Keskin 
and Durgan (1997), Bonsembianate et al. (1990), who reported that 
potassium chloride and sodium bicarbonate improved feed conversion 
ratio. 
The combination treatment increased feed intake. This 
improvement in feed intake may be fulfilled by combination between 
KCL and NaHCO3 requirement. Nutritionists can intervene during a heat 
wave to provide NaHCO3 or KCL through the feed or water. Weekly 
better exhibited in feed conversion ratio was due to KCL and NaHCO3 
supplementation, during hot weather this mineral reduced heat stress. 
This finding was similar to study be Naseem et al. (2005). 
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Generally the effect of dietary levels 0.3% on feed intake was 
better than others, because supplementation of graded levels of 
electrolytes viz potassium chloride and sodium bicarbonate or 
combination in suitable level can combat heat stress in broiler chickens, 
causing better feed intake.  
The effect of levels of treatments on feed intake was no affected, 
but on body weight gain at level 0.2 and 0.3% combination showed better    
gain. Also on treatment (KCL level 0.3% this beneficial effect might be 
due to provision of KCL, NaHCO3 and combination. 
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Figure (4.6): Effect of Dietary Potassium Chloride and Sodium 
Bicarbonate on Feed Conversion Ratio over Treatment 
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APPENDIX 
 
Table:  Average ambient temperature in the experimental house 
through 7 weeks: 
 
 
Weeks Morning Afternoon Evening 
1 35.80 39.80 37.04 
2 33.10 37.20 33.30 
3 31.70 34.00 32.00 
4 31.30 33.50 31.20 
5 31.00 32.80 31.00 
6 29.00 32.80 30.70 
7 28.50 32.20 30.00 
 
 
 
 
 
 
